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the two areas. These results suggest that long-term exposure to urban environment is
associated with sub-clinical airway narrowing and slower rate of FVC growth.
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A considerable number of studies attest to an
increasing prevalence of asthma symptoms in
children world-wide, during the last 30 years.1,2
Although the reasons for this phenomenon are not
fully understood, significant evidence incriminates
urban living as one of the main risk factors.1,3 The
few longitudinal cohort studies performed to date
have demonstrated that chronically elevated levels
of airborne pollutants, such as ozone (O3) and
particulate matter, may result in reduced lung
growth of children.4–7
In recent decades, the greater Athens area has
become heavily polluted.8,9 Greek province has
also changed during the same period, and a ‘‘rural’’
environment entirely different from that reported
in other European countries has emerged.10–12
Indeed, in most rural areas around Athens, fewer
people work exclusively in agriculture and even
fewer in cattle breeding, whereas a considerable
proportion is involved in office work. In some
villages a small number of households keep small
domestic animals.
We hypothesized that respiratory health and lung
function of children growing up in an urban highly
polluted residential area would be adversely
affected. To test this hypothesis we prospectively
compared, over a period of 8 years, respiratory
symptoms and spirometric indices of a cohort of
children permanently residing in a typical urban
environment to those of a similar cohort living in a
characteristic Greek provincial ‘‘rural’’ area, such
as described above.Material and methods
Study area
The study was conducted in two distinct types of
environment: an urban and a rural residential area.
The municipality of Maroussi was chosen as the
urban environment, a high-traffic area located 7 km
from the center of Athens, in the north-east of the
Athens basin. Air quality is monitored by a station
that is part of the Athens’ network, located 300m
from a central busy spine-roadway (altitude 220m,
latitude: 381 030N, longitude: 231 480E).
The provincial area of Aliartos together with
three adjoining agricultural villages (Mavromati,
Vayia, Thespiai) situated within 5 km around the
station which monitors the local air quality was
chosen as the rural environment. It is located
approximately 95 km north-west of Athens 30 kmnorth-west of the closest large town at an altitude
of 110m (latitude: 381 230N, longitude: 231 060E).
Athens and Aliartos are separated by a mountain
barrier; thus potential transport of polluted air
from Athens to Aliartos by south-east winds is rare.9
According to the municipality data of the small
town and the villages where the study was
conducted, approximately 50% of people work
exclusively in agriculture (cotton, corn, wheat
and vegetables), 35–40% in part-time agricultural
occupations, and 15% exclusively in office work.
Small domestic animals are kept by a mere 10–15%
of households.Study population—procedure
Greek schoolchildren, 8–10 years of age, residing in
the two study areas were recruited. In order to
participate in the study, the subjects had to be
permanent residents that had not moved away from
the study area for more than 1 year; they also had
to show competence in performing acceptable
forced expiratory flow-volume maneuvers. Children
living in Maroussi were required to reside within a
1 km radius around the monitoring station. Children
with suspected or diagnosed cystic fibrosis, primary
ciliary dyskinesia, immunodeficiency, bronchiecta-
sis, myoskeletal abnormalities or history of chronic
lung disease of prematurity were excluded.
Children were enrolled in the study as third,
fourth and fifth grade students from public primary
schools of the two study areas during school-year
1995–1996 (phase-1). A parental questionnaire
requesting information on the child’s respiratory
health was distributed at school.
The children were reviewed twice: (1) At the age
of 12–14 years (study phase-2, school-year
1999–2000) children studied in phase-1 were re-
evaluated by means of questionnaire and lung-
function measurements. (2) At the age of 16–18
years (phase-3, school-year 2003–2004) the initial
phase-1 cohort was targeted by means of ques-
tionnaire completion only. Children who changed
their residence during the study period were
excluded. In all three phases of the study children
were asked in private about their smoking
habits; those that smoked regularly, even ‘‘less
frequently than once a week’’, were characterised
as smokers.
The parents or guardians of each participating
student provided written informed consent regard-
ing completion of the questionnaire and perfor-
mance of clinical examination and spirometry by
their child. The ethics committee of Penteli
Children’s Hospital approved the study protocol.
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Spirometry was performed at school during morning
hours, between February and March 1996, and
between October and November 1999, according to
the standards of the American Thoracic Society,13
using a computerized pneumotachograph (Vicatest
P2a, Mijnhardt). Spirometry was deferred for a
later occasion if the child had suffered a respira-
tory tract infection within the last 3 weeks or had
used a bronchodilator within 12 h. Values were
expressed as percentage of predicted for gender
and height.14Air pollution data
Data on air pollution were obtained from the
Ministry of the Environment, Physical Planning
and Public Works.15 The monitoring station at
Maroussi has been recording the basic pollutants,
carbon oxide (CO), nitrogen oxide (NO), nitrogen
dioxide (NO2) and sulfur dioxide (SO2) and O3 since
1990, and PM10 concentrations since 2001. Aliartos
station has been recording SO2 and NO2 since
1990 and O3 since 1996, as part of monitoring
background pollution for the EMEP project (Co-
operative Programme for Monitoring and Evaluation
of Long-Range Transboundary Air Pollutants in
Europe).Statistical methods
One-way analysis of variance (ANOVA) was used to
test the hypothesis of the quality of the means. The
necessary assumptions of normality of variables and
quality of variances were verified. In case of non-
normality the Wilcoxon’s signed test was per-
formed. Logistic regression models were used when
the dependent variables were binary; multivariate
linear regression analysis of lung function data
against the key potential confounding variables,
including area of residence, was performed. The
Pearson w2 test was used for testing independence
of row and column classifications in un-ordered
contingency tables, Cochran test for comparing
proportions of data of the three study phases and
Student’s t-test for testing the quality of the means
of spirometric values between the two areas.
Repeated measures analyses with symptoms were
also preformed. All trends were tested by the
Mann–Kendall rank statistics. The level of statis-
tical significance was set at 0.05. All analyses were
carried out using the statistical software SPSS 10.1
(SPSS Inc., Chicago, IL).Results
Schoolchildren approached for recruitment in the
study represent 72.4% and 87.7% of the target
population of Maroussi and Aliartos, respectively. In
phase-1 (8–10 year-olds), 478 out of 620 children in
Maroussi (77.1%) (218 boys, 45.6%), and 342 out of
418 children in Aliartos (81.8%) (175 boys, 51.2%)
completed the questionnaire. The male/female
ratio in urban and rural area was similar (0.84/1
and 1.05/1, respectively). In phase-2 (12–14 year-
olds), 406 out of 478 (84.9%) children in Maroussi
and 289 out of 342 in Aliartos (84.5%) completed
the questionnaire. In phase-3, the initial cohort was
addressed and 446 out of 620 (71.9%) and 312 out of
418 (74.6%) 16–18 year-olds in Maroussi and Aliartos
respectively, completed the questionnaire.
Table 1 shows the prevalence of ‘‘ever had’’ and
‘‘current’’ (last 12 months) reported wheezing,
diagnosed asthma, ‘‘ever had’’ and ‘‘current’’
chronic or recurrent cough, the prevalence of
wheezing during or after exercise as well as
reported active smoking in the three phases of the
study, in both urban and rural areas. The prevalence
of ‘‘ever had’’ and ‘‘current’’ cough was higher in
the urban area in phase-1 but this difference ceased
to exist in phases-2 and -3 of the study. The
prevalence of wheezing and asthma did not differ
between the two cohorts. There was a significantly
lower rate of decrease in the prevalence of
‘‘current’’ wheezing in Maroussi Versus Aliartos
during the three phases (w2 ¼ 2.32; P ¼ 0.007); this
was not the case with ‘‘current’’ wheezing during or
after exercise or with ‘‘current’’ cough.
The distribution of risk factors and statistical
differences between Maroussi and Aliartos in
phases-1 and -2 is shown in Table 2. The difference
in outdoor play between Maroussi and Aliartos was
borderline (mean7SD) (9.677.5 versus 7.976.2
hours per week respectively, P ¼ 0.053), but
children in Maroussi spent more time in organized
outdoor sports activity than children in Aliartos
(6.176.0 versus 4.173.1 h per week, respectively,
P ¼ 0.04), particularly in basketball (Po0.001).
The number of persons per room was 1.270.43 and
1.170.44 in the urban and rural area, respectively
(no significant difference).
Successful spirometry was performed in phases-1
and -2 of the study by 96.8–99.3% of eligible
children. There was no difference in the perfor-
mance of technically acceptable maneuvers be-
tween areas or time periods. Mean values of FVC,
FEV1 and FEF50 (% predicted) in phase-1 in the
urban area were 97.179.3, 97.679.4 and 84.97
20.0, respectively; respective values for the rural
area were 94.4710.9 (difference 1.23%; 95% CI
ARTICLE IN PRESS
Table 2 Distribution of risk factors and other demographic characteristics in the two study areas in phase-1 and
phase-2 of the study.
Phase-1 Odds ratios (95% CI) Phase-2 Odds ratios (95% CI)
Urban Rural Urban Rural
N ¼ 478 N ¼ 342 N ¼ 406 N ¼ 289
Mother allergic 275 202 1.05 (0.80–1.40) 238 166 1.15 (0.85–1.57)
Father allergic 117 69 0.79 (0.56–1.05) 94 63 0.80 (0.56–1.16)
Premature birth 29 17 0.81 (0.44–1.50) 24 15 0.82 (0.41–1.67)
Mother smoking at home 146 53 0.42 (0.29–0.59) 114 39 0.40 (0.27–0.59)
Any smoking at home 268 221 1.45 (1.10–1.93) 241 176 1.36 (0.99–1.85)
Mother smoked during
pregnancy
79 24 0.38 (0.24–0.62) 65 21 0.36 (0.22–0.60)
Shares bedroom 324 281 1.48 (1.11–1.97) 256 212 1.52 (1.10–2.08)
Apartment 297 55 0.21 (0.12–0.30) 248 46 0.21 (0.15–0.31)
Central heating 430 185 0.13 (0.09–0.19) 374 172 0.13 (0.09–0.19)
Stove
Gasoline 31 124 8.02 (5.36–12.55) 18 100 8.64 (5.39–13.84)
Wood 0 20 14.0 (3.24–60.52) 0 9 11.88 (2.71–52.09)
Other 18 13 0.95 (0.46–1.96) 14 8 0.91 (0.42–2.00)
Outdoor systematic
athletic activity
248 68 0.30 (0.22–0.42) 219 85 0.46 (0.33–0.63)
Football 47 32 0.92 (0.58–1.48) 49 52 0.85 (0.51–1.41)
Basketball 128 19 0.16 (0.09–0.27) 121 23 0.16 (0.09–0.31)
Athletic games 38 6 0.21 (0.09–0.49) 31 14 0.24 (1.00–0.58)
Swimming 24 5 0.28 (0.11–0.74) 33 8 0.25 (0.08–0.72)
Other 22 10 0.53 (0.26–1.09) 16 11 0.36 (0.16–0.85)
Po0.05.
Po0.01.
Po0.001.
Table 1 Prevalence of asthma symptoms and smoking habits of children in phase-1, phase-2 and phase-3 of the
study.
Phase-1 Phase-2 Phase-3
Urban Rural Urban Rural Urban Rural
N ¼ 478 (%) N ¼ 342 (%) N ¼ 406 (%) N ¼ 289 (%) N ¼ 446 (%) N ¼ 312 (%)
Wheeze ever 88 18.4 59 17.3 74 18.2 50 17.3 85 19.1 57 18.3
Wheeze in the
last 12 months
37 7.7 21 6.1 17 4.2 13 4.5 16 3.6 12 3.8
Asthma diagnosed
ever
61 12.8 35 10.2 54 13.3 42 14.5 61 13.6 45 14.4
Wheeze during/
after exercise in
the last 12
months
22 4.6 12 3.5 15 3.7 13 4.4 16 3.6 12 3.8
Cough ever 40 8.4 14 4.1 33 8.1 16 5.5 44 9.8 21 6.7
Cough in the last
12 months
32 6.7 9 2.6 22 5.4 10 3.5 28 6.3 16 5.1
Active smokinga 0 0 0 0 29 7.1 17 5.9 192 43 119 38.1
P ¼ 0.041.
P ¼ 0.045.
aReported by children themselves.
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Respiratory health in urban and rural environment 1030.14–2.32; P ¼ 0.026), 96.478.7 (difference 0.84%;
95% CI 0.19 to 1.86) and 87.9718.6 (difference
1.59%; 95% CI 3.09 to 0.80; P ¼ 0.039). In
phase-2 only the FEF50 (% predicted) difference
between the two areas persisted (difference
1.82%; 95% CI 3.60 to 0.04; P ¼ 0.045). Mean
changes between the two phases (phase-2 minus
phase-1 values) for FVC, FEV1 and FEF50 in the urban
area were 0.978.1, 0.376.9 and 0.7716.8,
respectively; respective changes in the rural area
were 2.579.6 (difference 0.74%; 95% CI 1.36 to
0.11; P ¼ 0.021), 0.577.7 (difference 0.16%; 95%
CI 0.99 to 1.30) and 1.5715.3 (difference
0.64%; 95% CI 2.56 to 1.28). Two percent of
participants in phase-1 and 1.8% in phase-2 had FEV1
values lower than 80% predicted.
Multivariate linear regression analysis was per-
formed between FVC, FEV1 and FEF50 of phase-1
and pase-2 (dependent variables) and all confound-
ing factors listed in Table 2 as well as residential
area (independent variables) (Table 3). In phase-1
FVC independently correlated with the residential
area and with outdoor systemic athletic activity;
FEV1 correlated with none of the analyzed
variables, while FEF50 correlated with residential
area and with atopic family history. In phase-2
there were independent correlations between
FVC as well FEF50 and residential area; there was
no correlation between FEV1 and any of the
confounding factors (Table 3). With regard to
change (D) in FVC, FEV1 and FEF50 as dependent
variables, only a correlation between DFVC and
residential area was detected (95% CI 0.04 to 1.52;
P ¼ 0.039).
Multivariate logistic regression analysis was
performed between wheezing and cough of
phases-1 and -2 (dependent variables) and all
confounding factors listed in Table 2 as well as
residential area (urban or rural) (independent
variables); the data on wheezing and cough in
the last 12 months are shown in Table 4. There
was a significant correlation between ‘‘current’’
cough and smoking at home as well as living in
apartment in phase-1, between ‘‘current’’ cough
and living in apartment as well as ‘‘current’’
wheezing and active smoking by children in
phase-2 and between ‘‘current’’ cough and active
smoking in phase-3. No other correlations were
observed.
Figure 1(a–c) depicts the annual mean concen-
trations of O3, NO2 and SO2 measured in the
stations of Maroussi and Aliartos during the
period 1990–2002. Annual mean values of PM10
concentrations were available only for Maroussi
station for 2001 and 2002 (55 and 68 mgr/m3,
respectively).
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Figure 1 Annual means of (a) surface ozone, (b) nitrogen dioxide (NO2) and (c) sulfur dioxide (SO2) concentrations, for
‘‘Maroussi’’ (UA, white bars) and ‘‘Aliartos’’ station (RA, shadowed bars), for the period 1990–2001.
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We followed two cohorts of children, 8–10 years of
age, one living in an urban and the other in a rural
environment by means of parental questionnaire
until the age of 16–18 years, and by spirometry
until the age of 12–14 years. Children residing in
the rural area had persistently higher FEF50 and
transiently lower FVC values, while the prevalence
of diagnosed asthma and asthma symptoms was
similar in the two cohorts. FEF50 values throughout
the whole study period and initial FVC values were
independently related to the residential area.
Reported wheezing is considered to be a more
reliable index of asthma than persistent or recur-
rent cough.16 The rates of wheezing in the Athens
and the Aliartos cohorts were similar and remainedso for the 8 years of the study; there was, however,
a slower decrease of current wheezing detected in
the urban area. These findings are different from
most studies that report less asthma symptoms in
rural environments.10,11
Early life and long-term exposure to a farming
lifestyle that involves cattle breading has been
shown to exert a protective effect in the develop-
ment of asthma.10,12 On one hand, the rural area of
our study is unique compared to reports from other
European countries in that, although it has been
characterized as agricultural by the Ministry of the
Environment, only half of its residents work
exclusively with agriculture, and very few keep
small domestic animals. Furthermore, farming
lifestyle in this part of rural Greece is quite
different from that reported for central Europe,11
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large animals. On the other hand, rural Aliartos has
many characteristics of rural living such as single
houses, less central heating, and more gas and
wood stove cooking. These exceptional character-
istics of the rural area in the present study may
explain the lack of a protective rural-living effect
on asthma symptoms among Greek schoolchildren.
Chronic or recurrent cough is a prevalent
symptom during childhood that does not coincide
with asthma.17 In phase-1 of our study we found, in
accordance with previous reports regarding air-
polluted areas, a higher prevalence of chronic or
recurrent cough among children living in Marous-
si.18 Multivariate logistic regression analysis of our
data showed that only cigarette smoking (indoor
passive smoking in younger children and active
smoking in adolescents) is associated with chronic
or recurrent cough. However, the present study—-
that found an alarmingly high prevalence of
smoking among 16–18 year-old adolescents—was
not designed to address the effect of smoking on
cough. Lack of data on the number of cigarettes
smoked per day and duration of smoking precludes
firm conclusions on this issue.
Lung function measurements revealed that FVC
was transiently elevated in the urban as compared
to the rural environment. Studies of children
exposed to high levels of ambient air pollution
have shown lower FVC4,20 and a deficit in lung
function growth.5 Multivariate linear regression
analysis revealed an intriguing independent asso-
ciation between FVC and organized systematic
outdoor athletic activity, especially basketball,
which could account for the higher FVC measured
in the urban area of Maroussi during study phase-1;
competitive swimming before puberty has been
shown before to enhance static and dynamic lung
volumes and improve conductive properties of both
large and small airways.21 Our analysis suggests
that the difference in FVC between the two areas
was eliminated due to relatively faster FVC growth
of children residing in the rural environment.
Slower FVC growth in the urban environment due
to chronically higher concentrations of air-born
pollutants in the Athens basin is a reasonable
postulation, considering our pollution data (Fig. 1).
Airflows at mid-FVC (FEF50) have been considered
to be a sensitive indicator of small airway obstruc-
tion.22 In the present study there was a clear
independent relationship of decreased FEF50 and
urban living in both study phases that spirometry
was performed. The fact that the only other
variable independently associated with decreased
FEF50 is a family history of atopy, in association with
the fact that such history did not differ betweenthe two cohorts, strengthens the postulation that
air pollutants are causally related to small airways
narrowing. Therefore, our finding of lower FEF50 in
Maroussi should probably be interpreted in the
context of the cumulative effect of long-term
exposure to airborne pollutants. The concomitant
absence of a difference in wheezing between the
two study areas suggests that the urban polluted
environment is associated with sub-clinical small
airways disease. Other studies have reported
similar findings.5,7,19,23–25 The small overall differ-
ences in lung function between the two cohorts of
the present study could be the result of the
combination of more intense outdoor pollution in
the urban and of higher indoor pollution in the rural
environment, as suggested by our data. However,
the interpretation of our observations regarding
the association of air pollution with lung function is
limited by the fact that data are available from
only two residential areas and important variables,
such as PM10 values are not available for both
environments. In addition, unreported variables,
such as allergic sensitization, a variety of socio-
economic factors or other closely associated
unmeasured pollutants, may constitute important
confounders of respiratory symptomatology and
function.
In conclusion, we have shown that in Greece,
urban living with long-term exposure to outdoor air
pollutants does not result in an increased preva-
lence of asthma among schoolchildren, as com-
pared to rural living. However it does cause
increased non-specific respiratory symptoms, such
as cough, and may result in small airways narrowing
as reflected by lower FEF50 and perhaps a slower
rate of FVC growth. These intriguing findings
suggest that larger cohort studies, preferably with
more spatial and time points, that investigate the
role of air pollution on lung function are worth the
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